Introduction
Nanodot-type floating gate memory (NFGM), which has a two dimensional array of nanodots as a floating gate, has the merits of high durability against charge leakage, because a nanodot independently stores charges [1] . Our group has researched to develop new functional semiconductor devices by Bio-nano process (BNP) which is one of bottom-up processes [2, 3] , and fabricated NFGM utilizing cage-shaped protein, ferritin which is a 12 nm cage-shaped protein with a 7 nm cavity [3, 4] . Various types of the inorganic homogeneous nanometer-sized particles (bio-nanodots: BND) can be formed in its cavity by biomineralization [2] . We proposed the NFGM with a high-density nanodot-array utilizing Listeria Dps which is a 9.4 nm cage-shaped protein with a 4.5 nm cavity [3] . The high-performance NFGM with a high-density nanodot array can be fabricated utilizing Listeria Dps by suppressing the effect of the SiO 2 / Si interface states owing to increase the charge injection to floating gate. In this study, we attempted to fabricate metal-oxide-semiconductor (MOS) capacitor with the high-density Co-BND array formed utilizing Listeria Dps modified Ti-binding peptides on the surface, so-called Ti-binding Dps (TD) [4, 5] . In addition, we compared the C-V characteristics of the fabricated MOS capacitor with that of the MOS capacitor with Co-BND array formed utilizing Ti-binding ferritin (TBF) [5] .
Characterization of nanoparticle
Ferritin and Listeria Dps are shown in figure 1 respectively. The Co-BND appears as spherical black dot in the TEM image surrounded by a stained protein. Figure 2 shows the TEM image of Co-BNDs accommodated in TD.
After the solution of TD was concentrated by centrifugation and TD was dried in a N 2 ambient, we measured a XRD pattern of Co-BNDs in the cavity of TD ( Figure 3 ). This result indicates that the crystal structure of Co-BND is Co 3 O 4 . Figure 4 (a) shows the SEM image of Co-BND array formed utilizing TD. Co-BNDs were evenly distributed on SiO 2 surface after UV/ozone treatment. The adsorption density of Co-BND array formed utilizing TD was 1.3×10 12 cm -2 , which is higher than that of Co-BND array formed TBF as shown in Fig. 4(b) . -9 3 1 - D e v i c e s a n d M a t e r i a l s , K y o t o , 2 0 1 2 , p p 9 3 1 -9 3 2 G -1 -3 Figure 5 (a) and (b) represent the X-ray photoelectron spectroscopy (XPS) spectrums of carbon (C) 1s orbital and nitrogen (N) 1s orbital respectively. The peaks of the C and N disappeared after UV/ozone treatment. Figure 5 showed that the protein has been completely removed by UV/ozone treatment.
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We also measured XPS spectrums of the Co-BNDs embedded in a 3 nm-SiO 2 to evaluate the reduction of Co-BNDs. Figure 6 shows the XPS spectrums of Co-BNDs before and after annealing in the reductive gas. The peaks of cobalt oxide appeared despite annealing. However, in the case of the samples annealed in the reductive gas, a broad peak of metallic Co was appeared. These results suggest that the Co-BND was partially reduced by annealing in the reductive gas.
Fabrication Process
We cleaned a Si substrate with a 3 nm-SiO 2 layer formed by rapid thermal annealing (RTA). Solution contained TD was dropped on the SiO 2 to adsorb TD on the SiO 2 and the substrate was spin-dried at 6000 rpm for 1 min. Outer proteins of TD was eliminated by UV irradiation in an ozone atmosphere for 60 min (UV/ozone treatment), to form Co-BND array on the SiO 2 . After the elimination of protein, a 15 nm-SiO 2 control oxide was deposited by plasma-enhanced CVD. Following the formation of Pt/TiN top electrode and Al bottom electrode by electron beam evaporation, the fabricated MOS capacitor was annealed in a reductive gas (N 2 :H 2 =9:1) at 450 °C to reduce the Co-BNDs from metal oxide nanodots to metal nanodots. Figure  7 shows the device structure of MOS capacitor embedded Co-BNDs. The band diagram of the devices was deduced as shown Fig. 8. 
Results
The C-V characteristics and memory windows of the fabricated MOS capacitors with Co-BND array formed utilizing TBF or TD are shown in Figure 9 and 10. The result of MOS capacitor without Co-BND indicates that the protein was completely removed by UV/ozone treatment without influencing the device operation. When a voltage is applied to the MOS capacitor with Co-BND, a hysteresis caused by charge injection into Co-BND was observed. The hysteresis of the MOS capacitor formed utilizing TD was larger than that of the MOS capacitor formed utilizing TBF. The enlargement of hysteresis was caused by increasing the amount of charge injected into Co-BND array because the adsorption density of Co-BND increased by utilizing TD.
Conclusion
We increased the adsorption density of Co-BND array over 10 12 cm -2 by utilizing TD. The XRD pattern indicated that the crystal structure of Co-BND is Co 3 O 4 . In addition, the C-V characteristics of MOS capacitor and the measurement results of the XPS spectrums of C 1s and N 1s showed that the protein of TD was completely removed by UV/ozone treatment without influencing the device operation. The hysteresis of the MOS capacitor fabricated utilizing TD was larger than that of the MOS capacitor fabricated utilizing TBF. We confirmed that the high-performance memory can be fabricated utilizing TD, compared with utilizing TBF. These results contribute to realizing a next-generation memory. 
Reference

